INTRODUCTION
============

Surfing is a sport that has greatly evolved in recent decades in both the recreational and competitive categories, especially in Brazil, that around the 90\'s started to be considered the 3^rd^ surf world power, along with the United States and Austrália.[@b01] In 2004, the number of surfers in the United States was estimated at 2.1 million.[@b02] In Brazil, nowadays is estimated 2.7 million, and according to the International Surfing Association the total number of practitioners of this sport in the world is 17 million.[@b03] In Brazil, the sport began to gain popularity in the early 60\'s, and due to the huge and appropriate country\'s coastline for its practice, with over 4,000 km long, the Brazilian surfers started to attain a level of recognition on the international competition scenario, both amateur and profissionals.[@b04]

Surf is considered a sport that present more risk to accidents when compared to other sports like skateboarding, windsurfing, canoeing, and scuba diving, among others.[@b04] Besides being characterizing as an activity that encompasses intense muscle strength and balance, environmental variation also exerts a direct influence on the physical conditions of the surfer, constantly exposed to weather and the ocean environment changes, such as winds, the different ocean currents, the type of the ocean bottom, the effect of the moon gravity on the tides, size of the waves, air and water temperature, and contact with the board, among others.[@b01] ^,^ [@b05]

In a prospective study conducted during 32 surf championships (10 amateurs and 22 professional competitions) between 1999 and 2005 in several countries like Hawaii, Australia, California, Argentina and the United States, 116 acute injuries were classified as sprains, muscle strain, laceration, fractures, dislocations, contusions and abrasions, the most common injuries being sprains and strains (39% of the total), Steinman et al.[@b04] have shown that most part of the injuries are resulting from trauma, and that collision with the board is responsible for 36% of them. In the same study, lacerations comprised the largest percentage of the injury\'s type (44%) and recurrent low back pain accounted for 28% of the prevalence of musculoskeletal symptoms. Another study evaluating 1237 acute injuries also showed that 42% of them were lacerations, followed by bruises, sprains and fractures.[@b06] Thus, such evidence lead to the interpretation that the lacerations are the most frequent injuries among surfers, such result have also been demonstrated in a cross-sectional study, in which lacerations were responsible for 46% of the most frequent types of injuries, followed by sprains, dislocations and fractures.[@b07] In the same study, contact with the board corresponded to 45% of the recorded injury mechanism, and the anatomical regions most affected were the lower limbs (45%) followed by the head (26%).[@b07] Another issue found in surf practice is the possibility of accidents caused by marine animals, or even secondary infections from other lesions promoted by them.[@b08]

However, despite the large number of practitioners worldwide, there are still few scientific studies related to surfing. Furthermore, little is known about what happens as a result of its practice and the physiological effects induced by the sport.[@b08] Thus, the lack of identification of risk factors arising from surfing, monitoring of athletes by health specialists, no parameters for the physical capabilities needed during practice, limit both the elaboration of preventive strategies as training programs and specific treatments.[@b09]

Therefore, due to the small number of studies related to injuries resulting from surfing in Brazil, especially in the seacoast of Paraná, the present study aimed to identify and analyze the prevalence of lesions in male surfers at the seacoast of Paraná, subdivided into the professional, amateur and recreational categories, in the cities of Matinhos, Guaratuba and Pontal do Paraná.

MATERIALS AND METHODS
=====================

The present study was a cross-sectional observational analytical type,[@b10] it has followed the Resolution 196/96 of the Brazilian National Health Council and was approved by the Ethics Research Committee of the Department of Health Sciences, Universidade Federal do Paraná (CAAE: 0197.0.091.000-11).

The study was conducted on the beaches of the seacoast of Paraná at the cities Guaratuba, Matinhos and Pontal do Paraná and the sample was formed by 60 subjects, 20 from each municipality. Male surfers who practiced surfing in the Paraná seacoast for at least two years, aged 18-45 years were included. From this study there were excluded surfers who did not agree to sign the Free and Informed Consent Statement form (FICS) and those who did not fill in the questionnaire completely.

After the project approval by the Research Ethics Committee, the selection process of participants was started. We carried out a personal invitation to surfers at Guaratuba, Matinhos and Pontal do Paraná beaches. In order to clarify the objectives of the research and inform the days and times that the research team would be on the beaches, for distribution of the questionnaires. Stakeholders that met the inclusion criteria and agreed to participate voluntarily began to auto respond the questionnaires.

The surfers were informed about the research, and the FICS was presented to all participants. After consent, the printed questionnaire was delivered to the surfers, which were auto filled and returned to one of the researchers along with the FICS form duly signed.

The questionnaire was answered individually to avoid any embarrassment and to preserve the secrecy of items answered. Moreover, when doubts arose during been clarified incompletion were individually answered, preventing any discomfort that could be caused by the questions.

Data collection was performed using a Adapted Semi-Structured Questionnaire[@b02].[@b11] which included the following items: email, age, surf practice category (professional, amateur or recreational),[@b04] characteristics of surf practice (time of practice, frequency, hours per day), duration and type of exercise performed before and/or after the activity (stretching or heating), type of injury caused by sport (laceration-cut; contusion-hit; fracture-bone fracture, dislocation-articulation dislocation; joint sprain- joint twist; muscle or ligament injury; burns), as well as the anatomic region injured (head/neck; torso; arms; legs and feet). We also investigated the mechanisms that promoted the injury, such as maneuvers, contact with the board, marine animals and overtraining. Furthermore, there was a question in the questionnaire about the ocean\'s conditions during the occurrence of injuries, interruption period and the treatment used for the lesion (s). Before completing the questionnaire it was explained to the participants that stretching refer to static stretching exercise lasting for at least 10 seconds and that warming up should be considered a walk, run or bike ride lasting at least 10 minutes. ([Annex 1](#app01){ref-type="app"})

To determine the sample, calculation was performed assuming 95% confidence, a sampling error of 3% and the proportion of surfers in the Brazilian population, which according to Base et al.,[@b03] is 2.7 million. The proportion of surfers was calculated based on the Brazilian population size in 2007, which according to IBGE is 183.9 million inhabitants, resulting in 1.47%. The formula used to calculate the sample was as follows:

Where n is number of individuals sampled, z^2^~α/2~ is the critical z value that corresponds to the degree of confidence, N is the population size, P is the surfers population in Brazil and, ε^2^is the maximum error estimate.

The result assuming these parameters was 62 surfers, from which 60 surfers were finally selected, 20 from each municipality.

For statistical analysis of the results obtained from the semistructured adapted questionnaire, a descriptive analysis of data from distribution of relative frequency was performed, by using frequency charts for categorical variables and descriptive statistics (mean and standard deviation) for the quantitative variables, using Microsoft Excel^(r)^. Data analysis was performed considering the seacoast of Paraná, with no comparisons between municipalities.

RESULTS
=======

In the Paraná seacoast, surfers\' age was 27 ± 6 years, and 70% declared themselves as recreational and 2% professionals. It has been found that most of the individuals surveyed (47%) have surfed for 10 years or more; and 65% of people surf two to four times a week for 2 to 4 hours per day (92%). Analyzing the three categories of surfers, it was found that 78% of the individuals surveyed perform stretching exercises before surfing. Stretching exercises are performed especially in the upper (33%) and lower limbs (32%), both lasting about 30 seconds or more. The most common warming up activity practiced before surfing was to the upper limbs (38%) lasting 10 minutes. However, after surfing, most of the subjects (68%) did not perform any type of exercise. ([Table 1](#t01){ref-type="table"}) In the professional category, there was a higher prevalence of muscle/ligament injuries and burns (33% each), and the anatomical most affected part was the lower limbs (33%). In the amateur category, it was found that the most frequent injuries were contusions (31%), followed by burns and lacerations (24% and 22%, respectively). The anatomical part most affected was the lower limbs (46%), equally distributed between the legs and feet, and upper limbs (25%). In the recreational category, the most frequent injuries were similar to those of the amateur category, with most frequently contusions (29%), followed by lacerations (25%) and burns (23%). The anatomic part most affected was the lower limbs with 47% of all injuries (27% legs and feet 20%) and upper limbs with 20%. ([Table 2](#t02){ref-type="table"})

Table 1Prevalence of exercises performed before and/or after surfing among surfers in the seacoast of Paraná.**BeforeAfterBody PartStretching (sec)Warm up (min)NoneStretching (sec)Warm up (min)None102030 or \>102030 or \>102030 or \>102030 or \>**Neck28%20%25%30%3%018%12%3%8%5%2%073%Torso20%17%30%33%2%3%17%10%7%5%8%0073%Arms22%20%33%38%3%3%8%8%8%10%8%0071%Legs22%22%32%35%5%3%8%7%8%7%8%0073%

Table 2Lesions due to surf practice by category in surfers of the seacoast of Parana.**Cat.Lesion/Body partHead/NeckTorsoArmsLegsFeetTotal**P^\#^Laceration000000Contusion08%8%8%025%Fracture000000Dislocation000000Sprain0008%08%Muscle/ Ligament injury8%8%8%8%033%Burn8%8%8%8%033%Others^\*^000000Total17%25%25%33%0100%ALaceration4%2%4%3%9%22%Contusion4%7%7%7%6%31%Fracture000000Dislocation003%2%05%Sprain01%2%3%2%8%Muscle/ Ligament injury1%2%2%3%1%9%Burn3%5%7%5%4%24%Others^\*^000000Total12%17%25%23%22%100%RLaceration4%2%3%5%10%25%Contusion6%4%6%8%5%29%Fracture000000Dislocation001%1%1%4%Sprain1%1%1%4%2%9%Muscle/ Ligament injury1%1%2%4%08%Burn4%5%7%5%2%23%Others^\*^2%001%02%Total18%14%20%27%20%100%[^2][^3]

Overall, we found 387 injuries that occurred among all surfers evaluated on average 6.5 injuries per athlete, 12 of them (3%) in professional surfers. The lower number of injuries in professional surfers may be attributed to the reduced number of surfers in this category in the total sample. On the other hand, amateur and recreational surfers presented 99 lesions (26%) and 276 lesions (71%), respectively. Considering the total sample, the most frequent injuries were contusions (29%), followed by lacerations and burns (23% each), musculoskeletal and ligamentous sprains (9% each), dislocation (4%) and other injuries (2%). The anatomical most affected parts were the lower limbs (46%), especially legs (26%) and feet (20%), followed by upper limbs (22%), head/neck (16%) and torso (15%). Considering each type of injury in various body parts, feet laceration was the most frequent (9%), followed by legs contusion (8%) and burns in the upper limbs (7%). ([Table 3](#t03){ref-type="table"})

Table 3Distribution of injuries by body part and type of injury among surfers in the seacoast of Paraná.**Head/ NeckTorsoArmsLegsFeetTotal**Laceration4%2%3%4%9%23%Contusion5%5%6%8%5%29%Fracture000000Dislocation002%1%1%4%Sprain1%1%1%4%2%9%Muscle/ Ligament injury1%2%2%4%0,2%9%Burn4%5%7%5%2%23%Otherss^\*^1%000,5%02%Total16%15%22%26%20%100%[^4]

Regarding the professional surfer, since only one subject from this category participated in this study, there was no prevalence of cause of injury, since the maneuvers, contact with the board and overtraining were reported evenly. Among the amateur surfers maneuvers were the main causes of injuries (41%) and among the recreational surfers category, contact with the board was the most frequent cause (57%). Overall, contact with the board was the most frequent cause of injuries occurred among all practitioners, with a frequency rate of 52%, followed by maneuvers with 47%, marine animals with 27%, overtraining with 17% and other causes with 18%. ([Table 4](#t04){ref-type="table"})

Table 4Causes of injuries among surfers of various categories in the seacoast of Paraná.**Cause of the InjuryManeuversContact with the boardMarine animalsOvertrainingOther injuries^\*^**Professional^\#^100%100%0100%0Amateur41%35%29%18%29%Recreational48%57%26%14%14%Total47%52%27%17%18%[^5][^6]

Of the 60 surfers evaluated in this study, 35% reported no interruption of activities due to injuries. On the other hand, among surfers who experienced a resting period (60%), the duration was on average 1 to 3 months (23%). ([Figure 1](#f01){ref-type="fig"})

Figure 1Period of absence from sport after injury in surfers of the seacoast of Paraná.

Forty-seven percent of the respondent surfers reported not having had any treatment for the suffered injuries. On the other hand, those who underwent treatments were mostly drugs based (40%), stretching or resistance exercise (13%), cryotherapy and dressings (7% each). ([Figure 2](#f02){ref-type="fig"})

Figure 2Types of treatment for injuries in surfers of the seacoast of Parana.

DISCUSSION
==========

In the present study, it was used an Adapted Semi Structured Questionnaire[@b02] ^,^ [@b11] in order to identify and analyze the prevalence of the most common injuries in male surfers, in the seacoast of Paraná, subdivided into professional, amateur and recreational categories. The results of this study showed that 70% of the sample subjects were recreational surfers, 28% amateurs and 2% professional (a single surfer). The sample was formed by young adults (27 ± 6 years). These outcomes are in accordance to another study,[@b04] that also evaluated a sample with recreational prevalence (67%), followed by amateurs (29%) and professional (3%) of the seacoast in Northeastern, Southeastern and Southern states of Brazil, without specifying which state.

The majority of the participants in this study reported have been surfing for 10 years or more practicing the sport 2 to 4 times per week for 2 and 4 hours. Similar results were also observed in the study that investigated the northeastern, southeastern and southern states of Brazil,[@b04] which found that the evaluated surfers practiced the sport on average 2.6 days/week, for an average time of 2.68 hours/day.

All subjects evaluated in this study reported some type of injury, as described by Base et al.[@b03] in which most of the lesions found in professional surfers were contusions (29%), followed by lacerations (23%). However, other authors reported that 44% of the lesions were lacerations, and 17% of contusions, the most frequent lacerations frequent being in the lower limbs,[@b04] among them in the feet (22%) and legs (11%). In the present study, the most prevalent type of injury was contusion (29%), however, considering the body parts, foot lacerations were the most common (9%). In another study,[@b02] lacerations and contusions were the 2^nd^ and the 3^rd^ most common type of injury, respectively. However, these authors reported that the most common injuries in amateur surfing are lacerations to the head and lower limbs,[@b02] data similar to those found in the present study, in which the most frequent injury among amateur surfers were lacerations in feet (9%). Thus, the evidence demonstrates that the surfers in the seacoast of Paraná showed the same types of lesions observed in other parts of Brazil, occurring most frequently contusions and lacerations.

Among the surfers of Paraná, those participants in this study, the most affected body parts were the lower limbs, with 46% legs and feet, followed by upper limbs (22%), head/neck (16%) and torso (15%). Previous studies also cite lower limbs as the region most affected by surf injuries. [@b02] ^,^ [@b03] ^,^ [@b06] ^,^ [@b07]

It has been reported that direct contact with the board is the main mechanism of surf injury due to trauma.[@b03] Most lacerations and contusions are caused by fall against the board, especially contact with the fins, tip and tail, and overuse injuries can predispose the surfer to traumatic muscle-ligament injury.[@b04] There have been suggested preventive campaigns that emphasize the importance of using nose guard, less sharp edges and rubber made keels.[@b04] Among the surfers\' sample of Paraná seacoast who participated in this study, the most common cause of injury was a result of contact with the board (52%), followed by maneuvers (47%), contact with marine animals (27%), excessive training (22 %) and other factors (17%). In the literature regarding this topic, there is often mention on contact and collision with the board as the main evidence of injury causes[@b02] ^,^ [@b04] ^,^ [@b07], followed by maneuvers [@b03] ^,^ [@b04] contact with the ocean bottom and hydraulic force of the wave (18%).[@b02]

In the present study, we observed a large number of injuries such as burns, caused by marine animals (23%), when compared to other studies,[@b03] ^,^ [@b04] which reported only 9% of injuries caused by jellyfish burns,[@b04] which also reported that burns in general were responsible for only 8% of all lesions.[@b03]

Unlike other studies,[@b03] ^,^ [@b04] ^,^ [@b06] we did not find fractures caused by surf practice. Other authors observed that fractures comprised either 8% of all injuries;[@b06] 5% of all injuries,[@b03] and 2% of all injuries.[@b04] Perhaps the present study did not report any fracture because of the sample size, not because it is a small sample size, but perhaps small enough to show fractures, since the frequency of this type of injury observed in other studies is low.

In the present study, we reported only one case of perforation of the tympanic membrane due to fall, and one case of corneal burn due to marine animals, both during recreational surfing.

The rupture of the tympanic membrane is essentially due to an injury of the mechanical force of the wave in direct contact with the surfer\'s ear when he falls from the board.[@b12] In the study of Taylor et al,[@b07] it has been reported that the rupture of the tympanic membrane was present among the 5% of other types of injuries occurred among the interviewed surfers, along with head trauma, pneumothorax, rib fracture and broken teeth, the latter being also found in this study, with three cases in recreational surfing.

Despite having been described only one case of corneal burn in our study, there is a specific study on eye injuries due to surfing.[@b13] In this study, Lawless et al.,[@b13] described three cases of eye injuries as a result of surfing due to contact with the board, unlike our study, which was caused by the interaction with marine animals.

Although we did not reported any severe injuries in this study, other more serious injuries from surfing are cited in the literature such as the non-traumatic spinal cord injuries associated with surfing, which hit inexperienced surfers, causing localized pain in the posterior torso, paraparesis and urinary retention. The authors believe that one of the causes of the surfer\'s myelopathy is the position of the spinal cord in hyperextension during rowing.[@b14] There is a case report of an inexperienced 37 years old male surfer, who started with localized pain in the lumbar region 20 minutes after the end of his surf class, progressing to numbness in the lower limbs, followed by loss of sensation and paralysis of the legs, suggesting an ischemic lesion of the spinal cord, probably related to hyperextension of the spine during surf.[@b15]

Yet, in another study, a male surfer developed a pseudo tumor caused by a fall during surf four years before. This pseudo tumor was called \"surfinome\" because it was caused by a fragment of the board that remained inside the patient\'s body after injury, inducing an inflammatory reaction of the \"foreign body\" type. The authors suggest the importance of radiographs after an accident, especially when there are missing parts of the object used in the sport activity.[@b16]

In this study, the most frequent exercise before sports practice was stretching (78%), predominantly held in the arms and legs, lasting for thirty seconds (33% and 32%, respectively). The warm-up exercise before the practice was carried out by 52% of individuals interviewed, and the most frequent exercise was with the upper limbs lasting 10 minutes (38%). However, in most cases, no exercise of any kind was performed after surfing.

In studies on the effects of stretching on performance and prevention of muscle injuries, the authors concluded that when the sport requires maximum performance strength and muscle power, stretching exercise, from 30 sec. before sports, may decrease these valences, and it is not associated with fewer lesions.[@b17] ^-^ [@b20]

In the present study, it was found that most surfers performed the stretching exercise before sport, especially in the lower and upper limbs. These were the same body parts that showed a higher prevalence of lesions in our study, suggesting that unassisted stretching exercises before surfing do not prevent injuries.

On the other hand, warming up performed before physical exercise can increase the speed and force of muscle contraction, due to the increase in metabolic reactions, oxygen supply to the muscles by hemoglobin and acceleration of the speed of nerve conduction. Such metabolic reactions contribute to the reduction of the reaction time and viscosity of the muscle, which decreases the likelihood of lesions.[@b21] ^,^ [@b22]

When analyzing the importance of warming up and stretching in the sport, emphasis has been done to the importance of warming up before performing a sport activity and stretching after practice.[@b23] In the present study, it was found that stretching was more performed than warming up before surfing and most of the investigated surfers did not do any kind of exercise after sport, raising the hypothesis that such behavior increases the chance of occurrence of injuries among surfers in the seacoast of Paraná, requiring continuing education as a way to prevent injuries.

Thirty-five percent of the surfers participating in this study did not interrupt their sport activities for health treatments. Other authors have studied surfers of UK, in which most of the injuries are of low complexity, that is, do not require hospital admission for treatment.[@b24] These authors also recommend the importance of preventing injuries by use and adapting individual protective equipment.[@b06] ^,^ [@b24]

Moreover, most surfers of the present study reported the need to interrupt sport for 1 to 3 months. The most common treatments reported were medication, stretching and resistance exercises. Other authors have also indicated drug therapies for the treatment of wound infections and tympanic lesions.[@b25]

The present study has some limitations with respect to the adapted questionnaire, in which the terms contusion and muscular lesion were used as different types of injuries. Contusion, depending on its intensity, can cause muscle injury. In addition, the terms warming up and stretching were also used, whereas, depending on the type and duration of stretching exercises, it can be considered warm up exercise. However, before completing the questionnaire it was explained to the participants that stretching refers to static stretching exercise lasting for at least 10 seconds and that warming should be considered a walk, run or bike ride lasting for at least 10 minutes.

Therefore, it is suggested for future studies adaptation of the terms, as well as construct validity for the use of questionnaires that aim to assess the prevalence of injuries arising from surfing. Another suggestion for investigation studies on the causes of injuries in surfers would be to conduct monitoring of surfers through a prospective longitudinal study, with questionnaires applied at short intervals.

CONCLUSION
==========

The category of recreational young adult surfers was predominant in the study, and all participants presented some type of injury. Before practicing surf most performed stretching was the exercise most performed by the participants before surfing, especially in upper and lower limbs. The higher prevalence of lesions was in the lower limb, and the most common type of injury being contusion. Regarding the nature of the injuries, they were mostly traumatic, and contact with the board was the main injury mechanism. Most surfers required a period of interruption of sport practicing for health treatment as a result of injuries.
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